Permanent and temporary neurological complications of catheter cerebral angiography were prospec tively evaluated in 500 consecutive diagnostic cerebral angiographic procedures, 268 performed on 213 males and 232 on 175 females. Complications were divided into permanent (&gt; 1 week), reversible (&le; 1 week, &gt; 24 hours), and temporary (&le; 24 hours). There were four permanent (0.8%), one reversible (0.2%), and nine temporary neurological complications (1.8%). There was no death. With the correct selection of patients, catheter cerebral angiography is considered to be safe with acceptable rates of complica tions.
Introduction
Complications associated with catheter cerebral an giography have been much investigated in the past 30 years. 2-5,7.8,11,13-17,21,23 are carried out within short periods. In Japan, cerebral angiography is still performed in general hospitals by neurosur geons with a lower annual volume than in special ized institutions. The present prospective study eval uated the incidence of temporary and permanent neurological complications in the DSA and MR era in a series of 500 consecutive diagnostic cerebral an giographies.
Materials and Methods
This prospective study of complications of catheter cerebral angiography included patients who under went the procedure during the period from Decem ber 1993 to June 1996. Patients who underwent endovascular surgery were excluded (126 cases), ex cept for one patient, who suffered an embolic com plication during diagnostic cerebral angiography that was treated by local fibrinolysis (Case 5). Cerebral angiography performed for stereotactic localization of radiosurgery in 66 patients with cerebral arteriovenous malformations was also ex cluded since radiosurgery-specific epilepsy was ob served on several occasions. The patients were aged from 14 days to 88 years (mean 51 years) ( Table 1) . The study included 500 procedures, 268 were per formed on 213 males and 232 were performed on 175 females. The clinical diagnoses are shown in Table 2 .
The basic techniques of cerebral angiography were as follows: a) transfemoral approach; b) local anesthesia; c) use of a 4.0-5.0 French introducing sheath; d) use of non-ionic contrast material (iohexol 300 mgl/ml); e) use of a 4.0-5.0 French headhunter catheter (Hi) with a 0.035 inch guidewire; f) mechan ical injection of contrast material at a rate of 4-5 ml/ sec, total dose of 6 ml for the common carotid artery (4-5/6/sec), 3/4/sec for the internal carotid artery and the vertebral artery, and 8-10/12/sec for the aorta; g) DSA with bi-plane simultaneous data acquisition (DFP-60A; Toshiba, Tokyo); h) stereoscopic study by two separate contrast injections when necessary; i) no systemic heparinization; j) bed rest in the supine position until the morning following the procedure; k) examination on an in-patient basis; 1) intentionally delayed angiography for at least 3 hours, but most often 6 hours after ictus for patients with acute rup tured cerebral aneurysms; and m) flushing of the catheter with heparinized saline (6000 U/1) at the ap propriate time interval. Patients underwent neurological examination dur ing and immediately following angiography, and at the least on the evening of the same day and the next morning, but generally patients were followed up for several days on an in-patient basis. All subjective and objective changes or indications of deteriora tion, either new or additional, were recorded as com plications, even those not apparently directly related to angiography. Complications were defined as tem porary if completely resolved within 24 hours, those that persisted longer than 24 hours but resolved within 7 days were classified as reversible. Compli cations lasting longer than 7 days were considered permanent. The three neurosurgeons performing angiography in our institution more than 17 years (M.K.), 10 years (K.Y.), and 9 years (M.N.) experience in angiography.
Results
There were 14 neurological complications (2.8%) and seven non-neurological complications (1.4%). Neurological complications included four perma nent (0.8%), one reversible (0.2%), and nine tempora ry complications (1.8%) ( Table 3) . Non-neurological complications were all temporary, and included three cases of nausea/vomiting, and one each of skin eruption, hypotension, dizziness, and arrhythmia. There was no death. Aneurysmal rebleeding (Case 1) and pontine lacunar infarction (Case 2), both of which occurred after angiography, were included as permanent complications, but were possibly unrelat ed to angiography.
Case Presentation
Case 1: A 67-year-old male in a drowsy state was brought to our hospital. CT revealed left subdural hematoma and subarachnoid hemorrhage, so emer gency diagnostic angiography was performed without the intentional delay of several hours which is commonly applied to reduce the chance of rerup ture. Angiography showed a left middle cerebral ar tery aneurysm (Hunt and Kosnik grade IV). The aneurysm rebled 30 minutes after completion of the angiography in the intensive care unit when oral suc tion caused severe coughing (3 hours after ictus). The patient's condition further deteriorated. The aneurysm rebled again during the clipping opera tion. He was severely disabled and was transferred 5 months later to a local hospital. We considered this aneurysmal rebleeding to be a permanent complica tion. Case 5: A 60-year-old male complaining of numb ness of the right hand underwent catheter an giography. He had an occlusion of the right cervical internal carotid artery and stenoses of the left in tracranial internal carotid artery (tandem lesions). The left common carotid artery had an anomalous origin from the innominate artery. During catheter manipulation to the left common carotid artery, em bolic occlusion of the upper branch of the left mid dle cerebral artery occurred. The patient suddenly became restless, and developed right hemiparesis and aphasia. Urokinase (480,000 U) was infused to the left common carotid artery, which resulted in marked improvement of the symptoms within 30 minutes. However, the patient again became aphas ic and right hemiparetic. Local fibrinolysis was then performed using a microcatheter. Recanalization of the middle cerebral artery was achieved by 240,000 U of urokinase. His aphasia and hemiparesis rapidly resolved almost completely. Mild motor aphasia completely disappeared in a week, and follow-up MR imaging showed no new infarction related to an giography. This event was considered to be a reversi ble complication.
Discussion
The role of catheter cerebral angiography has changed in the 20 years since the introduction of CT. Angiography is now never performed for neu rotrauma except in the event of vascular injuries. An giography for neoplastic lesions is limited and has been replaced by MR imaging and MR angiography in most cases. However, stroke patients with more complicated medical status increasingly undergo catheter cerebral angiography. Transient global amnesia may be caused by an giography, most commonly vertebral angiography but aortography or coronary angiography are also causes.",") Possible mechanisms of amnesia are em bolism (clot from the catheter or guidewire, or atheromatous debris), spasm, and neurotoxic effects of the contrast material. However, embolism is con sidered to be the major mechanism of this compli cation. 18, 19, 22, 24) 
